Aryl hydrocarbon receptor (AhR) agonists increase airway epithelial matrix metalloproteinase activity.
The aryl hydrocarbon receptor (AhR) agonists may upregulate matrix metalloproteinases (MMPs) and contribute to many airway diseases, such as asthma and chronic obstructive pulmonary disease. Elucidation of the detailed molecular mechanisms regulating MMPs may provide the scientific basis for diagnostic and therapeutic opportunities to improve the care of various pulmonary diseases, especially those related to xenobiotic agents. In this study, we investigated the detailed mechanisms of how AhR agonists modulated the expressions and activities of MMPs in bronchial epithelial cells. Treating the cells (Beas-2B or HBE135-E6E7) with 2-(1'H-indole-3'-carbonyl)-thiazole-4-carboxylic acid methyl ester or 2,3,7,8-tetrachlorodibenzo-p-dioxin, we found these AhR agonists increased the expression and activity of MMP-1 via a noncanonical AhR pathway and increased the activity of MMP-2 and MMP-9 in an MMP-1-dependent manner. AhR agonists increased the expression of MMP-1 via the activation of mitogen-activated protein kinase (MAPK) pathways by increased cytosolic calcium level and activated calcium/calmodulin-dependent protein kinase II (CaMKII). The activated MAPK pathways phosphorylated c-Jun, c-Fos, and ATF-2, resulting in their nuclear translocation and binding to the activator protein-1 (AP-1) elements of the MMP-1 promoter region. These findings correlated clinically to the significantly higher plasma/serum MMP-1 level in asthmatic patients. In conclusion, the present study demonstrated a novel signaling pathway by which AhR agonists elevated intracellular calcium levels, which activated CaMKII, leading to increased MMP-1 expression through MAPK pathways in bronchial epithelial cell lines. This novel regulatory pathway may serve as a potential target for the treatment of airway remodeling of many pulmonary diseases, such as asthma. AhR agonists increase MMP-1 expression in bronchial epithelial cells. The underlying AhR pathway involves CaMKII, MAPKs, and AP-1 elements. The upregulated MMP-1 further activated MMP-2 and MMP-9. Asthmatic patients have higher serum MMP-1 level. This novel regulatory pathway is a potential target for treating asthma.